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Abstract
7 71(:  solar [}11 OTlloS@CTC  co71<<i,st.s  of t }11((  (’1( 1,$s(,s

vhich C07[ tri[mt c dij~mr?( ti7711y to vltmuiolct 7(/d iotio7/
l((lf’}(illg illr (:(1? ’[)1. 117c d(scrib(, a d(lt(( scf o f  s(I-
10 r i71){Iys, 71/ ((171s of scyrilm/ti7/g  ill c i7rIagcs  iT/ /() tltc

c(nlstit 7ic7/t C1(ISSC.S,  071 d (I 7/ oml hi,qhlcwl 7(:p7~scIIi(I -
tim( jol c0711pact objects boscd  071 (I trim) gul<[t((] slmti(ll
‘rl(cr[[[)cl.vlli]) f(/7/ d iof[. ‘ ,571C}[ 7qIIrsmt i (It i(u,< ore jit t (,(1
ill (I  710 Iiobl(- di7/[ c71sio71  A{(I 7AY)u c}I(Ii71 Afon t c C(II1O
schc/il  (:.

1 I n t r o d u c t i o n
~’llf? Solill C]lt(llllosl)}l( }r(, O~HCI’\ra},]c  (S((  fig,lll(,  ] )

it] ult raviokt  li~llt, IOII~lIly mllsists  of t ILr(,c  (, IMs(Is:
~)lagc  (I)rigllt  Itlap,llct  ic (list IIIIK+IICCS),  IL(,t\\rork  (not

lmllil(larim of collvcct  io]l cells),  aII(l  l)a(kgyoIIII(l
( c o o l e r  il,tcriors  of tllcsc  CCIIS).  l’lag(s  a],~w+ir  as i]-

Wglllat  gl’olll)s of (’lIIIII1)S,  S(,I(I[)III  II(?al’ tllc  solar ~)ol(’s.
Silllilar  to sutw~x)ts,  l)lag(w  cxlwri(~Ilcc  a cycle of for-
Irlatic)ll  and  (Iissil)ati{)ll, stal tillp, C) III as r(,lat i\,(,]y (0111.
l)act Icgiolls  all(l  (lwayili~  (j\’cr ]IIalIy d a y s  into a (lif-
flw all(l  lJIok(II-ul~ clust(,r, ‘J’llc  (’(’11-s1 I’llct (11’(,(1  IIct -
Ivolk lIas l i t t le  c(jlltras(  \vitll  tllc Im(.kgr(lllll(l,  is slm-
t ially  lIc)IIIOR(~IIcc)IIs, alI(l ~msists  f o r  tc]ls  of  lI(IIIIS.
S(,(, [t+] foI II Ior(, 011 cllloItloslJll(li(”  f(,;it Ilr(,s.

2’11(  t III(’C cl~assw  colit  ril)llt(, difkrcllt  Iy t () t II( 111-
t [a\ ’iolct  (lJLT)  ra(liat ion r(acllill~  IIhItl  I’s II1)IK,I  at -
lIloslJII(w,, u’itll  tll(’ I)lag(js  aIId  ltlajyl(~tic  ll(4\v(JIfi  g,i\’-
i)l~ tll(’ lill’~(>St colltril)utioll.  ‘1’llis  ra(lititio]i (.allllot  I)(,
s(’llsml  (Iircct ly froItl t lie grolllI(l  I)llt tllc f(~at (Ir(w  ~iv-
ill~  I’k(’ to it Call  ~)C; tll(~~  ?II’C USC(]  <)S ])lo X~ ill])llt  S t o
I]Iod(Jk of sola  I il rfidiall(.c, ‘1’lI(w II IO(lCIS arc cr~lcial
to llrl(l(’rsttlll{lill~  r)llcIloIllcIla sllcll  as  ~lol)ill \v2irl[lill~
alI(l l)llot  (wll(~ltlical  dccolll])osit  ioli  l) IOCCSS(W  ill t 11(,  111)-
~wl’ at 1110s1)11[’1”(,  [7].

Also of illt cms( is t II( (Jvolllt  ioli  of l)]ag(,s.  c;llrr(,llt
Ull(lcrst  all(li  I if, (out lil(cd  alx)\K~)  is of a qualit at ilr(~ arI(l
all(wl(]t HI sort a lId a lIIor(, quallt it at ivc (I(wril)t  ion of
ant  icil)at (,(1 ~)la~(, Sllil])[, S ali(l t II(, (,v(jlllt  iotl of l)lag,(,
rc~iolls \v(JIIl(l  lw of value.

‘1’]Ic  ])ri][lary S(IIIICC of (Iat a fhl this st II(ly is tllc sot
of C2111  K full-disk sl)cctl(llicliogtttltls  tlmt  lI?IS })(Y,II
(“()]  ](’ct(,(l  daily at sacIa][i(~[lto  ])oak  ~T21t iOIl~l  S()]a  I O1).
s(~I\riit ory flolll  t Ilc Illi(l-sixt ics oII\var(l.  ‘1’11(,  illla~(~s  ar(,
r(w)t(lcd  011 r)ll(lto~ral]llic fillll, all irit(’lwil  of Ivlli(,ll

1 ‘j,t,i~ ~vor~  ~vas Carl i(,(j  C,\l( t,v tt, (, J(( I’r(,[)(]lsioll l,?llIfI14-

lory, (:alifortlia IIlstitlltc (If  ’Il,(lIIIology,” 1111(1(.I  C(,II(I:ICI \vi(ll t}l(.
Na(iotial Acr(,rlall(ics  aIId  Slm(( A(l[[,i]lis(rz~tiorl,

1{’i~(ir(,  ]: A  f{lll-(lisk (lllolllosl]ll(li(.”  illla~c fr(j~tl  ]:)
.)IIly 19{)2, sll(nvillg  a (I(,cay(d l)la~(, lmir  ill t 11( Ilort 11-
\r(’st  qll?l(ll’allt  o f  tllc SIII1, all(l [I yollIlp,(~I’,  11101’(,  coil -
c(’111 rat(x]  j)lap,(~  ill tll(,  sol(t II(,ast.

(flolll  t 1,( *,,i(l-(i~lit  i(w f(ll’\!’?lI”(l)  llilS  1)(,(]1 digit iz(,(l  t ()
21{  X21<  I)ix(,ls.

2 I m a g e  Dcxmmposit,ioll
l’itst  \v( (lis(wss  t II(J l)rol)l(III  of ~)art it iollill~  t 11( iltl-

il~(’ into [)lag,(,,  Il(}t\V(llk)  :111(1  ])il(’k~l’ollll(]  Colll])OIl(>Ilt  S.”
S(ictlt  ists oft (’II (it Il(,r al)IIly  a t III(sIIo I(l acloss  t II(, flat-
t(’[lo(l  illla~(i  t o  (l(,t(,I’lllill  C$ ~)klgo  ?I1’oaS) 07 II I?IIIII:I]IJ’
S(11101111(1 t}t(,  J)lii~(SS \yitll  l)oly~olls.”  ‘1’11(,  first lLICtllO(l,
\t’llil(,  sittll)l(,  aII(l  (]l)j(’(.  tiv(,, l~lIows all  slmtial illf(w-
IIlatioll t h a t  i s  avail ill)l(,.  ‘1’11(~  S(xoll(l  lllctll(~(l  Cl(,iil’ly
11s(’s a  latg(, alllo(irlt  of si(lc illfolr!mt ioIl Imsscss(d  l)y
tllc  sciotltists,  l)(lt  is also lligllly stll]j(ctivc,  diflic(llt  to
(,v(III  (I(wrilw,  aII(l  lIal(l to r(,~wat.

11’llil(  tlI(’  ll:iy(wia~l  fraltlcwy)rk  i+ Il(lt  llIliv(,lsally
al)l]lol]~iat(~  fol illf(v.c,llc(, IIIO1)l(IIIS,  ill  tll(,  sit(latiol(  at
lIaIId tlw j)riol  itlforlllat ion is so a~)~mr(~lt tlmt al)r)lox-
itllatitlx  it S(Y, IIIS twtt(r  tllall  igll(]rill~  it. Accordingly,
\V(,  (’St iil)liSll  tll(, \v(ll-kl  I()\vll lla~r(wiati  forIllalislll.  1)(1-
Iiotitig l)ix(,l sit(w s  = [s1 .$2]  i,, a* I il,,ag< (I(,,llai]l N ,
:111(]  (l(,fillill~  l[liit l’i(.(~S  of (’la SS lal)(,lS X : {:1”,.}5cA,  tak-
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l’i~uw  2: AII illlagc (l(’t tiil  lla\’ill~  II(I\Y(JIk ;iII(l  ])lii~(  (,l(LIII(,IIts  is slI(I\rII  tvit  Ii t lII(,sIIoI(I aII(l Mlll~ ltilwlillgs.

illg values ill t]l(> set {p,  N, B}, :iII(l o~wrv(,(l illt(’llsitios
y ,  tllc  ~[laxirnuttl  a lmstcri(mi  (h4A1’)  (I(,cisioll  III](’ i s

x  ~ at’gl[l?lx log IJ(y Ix) -1 log]’(x) (1)
x

111 l)ract  ic(’,  illc first t (’1’111 forces fi(l(’lity  t () t 11(’ (hid
\vllil(~  tllc  scco II(l Ix’lmlixcs llIllifwl~  rollgll lill  Wlill~S.

l’rim  1110(  1(’1s  I’(X) Illay  I)c slNclfi(Kl  ill l[lilll~ R’ays.
IT’(’ lI:iv( usc(l  tllc Nlarkov  field srll(mtllll(ss  lIrIors

l’(x) = z“ ‘ (Xp[- p~ 1(:/..,  + T,,)] (2)
.. ’-,.

for If > () [1]. q’11(’  (OIwt:illt  Z is cIIos(’11  to Il(mllldlix(’
tllc lml)al]ility  IIIaSS f(lIl(tioll, :111(1  tll(’ S(IIII  CXt(’ll(ls
ov(’I ‘ll(~ifjll)(ll:ill~’  sit (w ill IV. 0110111 rwt al I& IIlar gti(l,
sitw  aI(, Il(,ig,lllm!s  i f  tlIey  il(ljoiIl  \rcrti(.ally,  llOlimll-
tally, 01  (liiigollall~.  AS  /55 (I IOIH,  I(I(IRII(’I  lalwlitl~s ;II(~
allmv(  x], aIId tll(, Ilrliforlll  (Iistril)lltioll  is ol)taill(d  a t
(j = ().

‘J’l Ic rclrlaillitlg irl~r((li(llt  is t 11( lili(lill(]()(l

l’(y lx) = lJ 1’(?/,,  l?’,, ) (:{)

I f  tll(,  (lass  vari;tll(cs  atc i(l(,llt  ictil,  alI(l /{ I O ,  w
IW(W(V tl~(’  t llrwllold  rIIlc cllIr(Ilt  l-y US(,(I ill l)lii(.t  i(x).

1’() t ackl(,  t II(S ol)t illlizat  i(}!l  l)rok)l(uII  for g(’l I(,ral  (5’ \\f(s
lI:IV( foll(nvtd  tllc  \vcll-li  II(I\vII  [~it)lw  saIII1)l(II  s(lI(vII(,
\vitll  l{il)l(y’s  ‘clod’ IIlodificatioll  [[i, ~). 9!)]. S:IIIIIII(’
wslllts  alc slIo\\rIL  il~ figllrc 2 . ‘1’iie first  ~NiII(Sl  siKmw
a l)i(vc o f  a (.lll(~lllosl)ll(~li(.  iltla~c frolll  .ldllllill’~ 1980

\vit  11 a lIlag(, ill t 11(,  k)\v(,r-riS}lt  (’OIII(T. lkwidc t liis is
t IL(,  ((]1’lcs~)c)ll(lill~  t lII(dMJl(l  S(’RIII(SII1  at io~i.  ‘1’11(’  al)ull-
(Iallt  slm’kl(’ i s  c(lllsist(vlt \vitll  tl]c i[ll~)li(it  lwior tl]at
i s  Illlif(]rlll  ov(v  all lalwlil(g,s.  Itl tl~c filml  Iml[cl  is tlw
NfAl)  s(~[ll(lltatioll  \vitll NII{F ~)rior  a t  ji z 0 . 7 .  ‘1’lIc
(>stilllat(,  is follll(l  l)y tll(,  stall  (l:ll(l ~+il)l)s  saIII1)leI  alP
lJMI:ICII  \vit  11 t ()[llmat  III( l(Itv(Ie(l  ill st (Jlw (discrct  iw(l
c(lolitig \\ ’it II a ~(w~tlct  ric lat  (,) (N’(*1  W) il[la~c sIY(’el  K.
lt’( Ilot( that tll( LIAI’/IIll{IJ  s(p,lll(Ilt:itioll  clilnilmtcs
IIlally  of tll(’ tiny p,:l])s ill tll(’ larf!,(’  I}l:lg(’  all{i  lllilkCS  tll(’
ll(t\vO1”k  St 1“(1(’1111’(’ 11101”(, al)lmt”(’llt

3 Spatial Dcwxiptions
h’(nv IV(,  :IcI(II(w  t }Ic s(KOII(I  of t II(I cOII(.(IIIS rilis((l

itl ttl( illtI(J(lll(.tioIl,  tllltt  o f  rcljr(wlltill~  aII(l al Ialyz-
itl~ ~IIHR(,  sII:III(. II I  colltlast  to tll( cssclitially  l)ix(l-
SCHIC  cllalact  (,Iist ics of t }](, 11(’t ~vork/i)iick~lollll(l”  illt (,r-
})ldy, lIla,g(w  aI(S lligll-lcv(l  1)11(11(1111(’IIa  \rlliclL ar(,  not
tv(’li-(tll)t  IIW(I I)y ~)ix(,l-1cv(’1  rules. l;(]llmvill~  GmIaIl-
(I(v ((~.~., [4] ), \v(’ l)IIISII(, :i lli(’r~il(.lli(”al  wl)lLwIlt  at ion
of ~)lap,(s.  I t  i s  (x)lhwli(ld  to CIIIIW(l tll( ~]ix(l sites
A’ itl il c(jlltilllltllll  A’  ❑  [ 0 ,  1]2. ‘1’() rc~)r(wt It a ~ )l:i~e,
(II a cl IIsler of rf’l:tt(,(l  l)lag(,s,  WI lIroImsc 8 t c ; l t - l i k e
stl(l(tllr(,  (l($fitl(~(i  l)y :i tri?ltl~lllat((l  l)l?illar  gl’al~ll

6’ = (v, L’, h) (4)
\7(~ a V(’l”t (’x Set
J,; ~ ~T2 al~ (dp,(’  Yt’latiol]

//: IJ - ) [0,1] a ll(i$llt  f(lllctioll

‘1’tlc ll(i~llt f(lrl(tio]l  (wt(lk(ls  to iill of A’ l)y li[icat  ill-
t  (’1’l)olilt  i(]Il across  t 11(’  fa(w  of t 11(,  ~p’lalrlids.  ‘J’llis
St I’(let (11(,  lllo(l(,ls  t 11(’ “(1(’RI(K* (If lll(~llll)(mlli~~’  of a
p,iv(,ll  I)ixcl ili tll(~  j)liip,(’ cl;iss aII(l Hlio\vs  tll(’ l)iti(litlg
of lI(,a Il)y lIlag(, 1( ’p,iolh illt () 011(, ((~11(’r(’;lt  ol)j(xt.  I\T(’
llot(, t h a t ,  i f  t}l(’  11(’igilt  ftltl(4ioIl is tllr(,s~lol(lcd  tit a
p,iv(,tl  I(Iv(I, tll( rcsltltillg  slIar)(, i s  a (luster of rc~iolls
1)011 [1(1( ’(1 i)y  ~)olyxo!ls t II(’ s:ilII(, way s(,iellt  ists cllr-
I“(, Iltl~r  (I(,lilllit ])l:lg(’  r(~~i(]~ls Illil  IlllilllJ’.  S(W fl$!, tll”C ~{.

‘1’() (l(,fill(,  ii l~r(Jml~ility  (list ril)ut  it)li  (Jll llmllllxvsl\il)
flll[(t ions,  lv(’  ~(’11(’rat  ( (,a(lI :Is t II{ illt  (rlmlat  ((I v(vsioll



of tllc  lklallllay  t riatkp,  (hat  ion  of itl(l(’j)(,ll(l(’lltly  CII(WII

Imillts ill N. l’lLm(I  ]mitlts colIII)rise lz, a[ld l’; is ~(,iI(,r-
at (d 111(’cllallicall,y  as t IIc t riatlgllldt  ion of IF. IIcip,l  Lts
arc t llcll assi~ll(d  itl(lclwlld(’llt  ly, to t 11(’  ]II(VIIIWS  of 1~
t o  f(~llll  tic-~ mi[lts.  “1’l]c  lwolml)llity d(lisity  of SIICII a
1~1(’rlllwrdiir)  futtct  iolt is iiidttc(’(1  t)y t 11(’ (trio (IIJ 1~:

\J’c l~av(  assilltl((l  tll(, IIIC1[IIWM  of t~ arc CII(MVL  ii(,-
cordillg to tllc  Ulliforlli  (Iistril)lltioll  OIL  ~, :111(1 t]l:lt

tllc  ll(i~llts  am Iltlif(wl!l  011 [() ,  1] .  A  (.oltl~)lit:iti(lll~tl
advallt  age  of this scli(’lllc is t lmt a(l(lit  iolw,  (1(,1(4  iolw,
and acljlwt  tll(vlts  of ollc v(,rt  (x lmw,  a  l(wtil  (~ff’(~(.t  oll
tll( triatl~(llatioll.  AIso, tllc l)(,]liilt~  ill l(]g-l)l(~l):il)ility
~mi(l  l)y joillillg  t\vo s(lmrat(d  ~Ial)lIs i s  tlt( s(it[l  of
collllmllcllt  lmlalt  i(w, so that s(,l)arat  (d I)la~(w c(]-(, xist
ill(l(,jwlldcllt  IJ}

Illcoll)oratllL~”  tllc  Ij(nv  sttuctltw  itlto tll(,  (,xistillg
Nll{k’  III(){Ic1 is cl<)])(,, ill }Jricf, I)y lctli]ig  tllo llt~ip,llt
filllct iml }/(,$) fav(~r  tllc Cvclit  {0$ = P } .  Slx,cifically,
let t lime lN a Malkmr wlat  iollsllll) Iwt \v(w,ll  t II(, t III(W
1( ’1 ’(’1S Of t 11(’ St (J(’IIilSt  ic 1110(1(1  S(, t II:lt

l’(h, x!y) = l’(h)] ’(x Ih)l’(y lx) ((i)

p’).j (J,, # 2.1) -1 a ~11 (:,,,  ~ P )  h(s)l

log} ’(y I x) ~ ~ (Q(’~?;;2 “J ‘)2 -1 logo,. ) (t+)

SCA’ J.

\vl  l[~r’(>  K}t i s  a] I al)l)Io])riat(, Iic)rltl+ilizi[lp,  co]lstal~t
(’11!( (olresl)O1l(lillg,”  c(,llstallt  loR(27r)/2  ill tll( s(w)l,(l
c(lllat ion  11:1s  1)(,(,11  (Ir(jl)l)c(l.)  111  this ~vay tll( ll(~igllt
furlct ion I)ias(s  tllc (oll(’sl)olk(lill~”  lalwl  ill favol  oft 11(,
l)la~(’  Class. ‘J’llis c(~ll(lit  iolliil I)rol):il)ili[y  111(1(1(1  a]lolvs
11s to p,(.ll(~r’at  C Iall(lolll  llcigl(t  fllll(’t iolw, lill)(~lill~s, :111(I
iltla~cs t h a t  al”(’  IIlolc  l)llysically  l’(’asollal)l(~  tllilll tll(>
Ulladol’lld Nfl{k’ S(ll(,lllej 1)(’(alls( liilp,(r-sc:,l(, ilt)a~(
cltalactclist  ics ilr”(’  11(111  (11(’(1.

‘1’lLis  (I(wlilws  t 11( ‘syllt  I,(+is 1)1(,1,1  (1[]’ (cf. [4] ); t II(
Collll)l(’1ll  (’llt~l’~  ‘illlill~SiS l)l”OI)lCIII” f(j(’lls(w 011 tll(! l) OS-
t elior

]’(h, x I y )  = l’(h,  x,y)/}’(?/)  0, l’(h, x,y)

A s  irl s(,(tioll  2, JV(I  l)IIMII( tli( hlA1’ (,stirtl:it(,  of tll(
((lllll)iri(’(1  (l(wril)t  ion. ()]1( tectllli(al  difficulty is tllc
llol”lllillixillg  (’(]llsttillt K}{ ~vllicll  figilrcs  ill tllc  lms-
t(li(m.  111  JVll:lt  folloJVS,” M’(’ llil~’(’ ?ISSIIIII(’(1  tllilt  tll(’
variat i(~ll  of  K}, \vit II wslwct t (1 ~< is ll(,~li~il)l(’  collk-
1):11((1  to tll(,  (I(sigil(d  Valiilt  i(~ll  ill 1’(}(,  X, y), l(wdill~
to all a])j)l’(lXilllilt  C I)ostclior  7r(ll,  X) \vit  II llc~iit iV(’ 10:-
J)tt)lm}]ility

/i~ 1 (:/,, + ,,,.!)  -} (t ~11 (,/,, : P )  h(s)! -1
., -.., $CA

li;l\’iltg  it rili]litnllJtl  at (L, x ) .  IIlf(’rcllcc lJI()(W’(IS ill
]1111(”11  tllc  sar[lc  vziy  s(’ctio~l  2, (xc(’~)t  that tw’() sorts  of
varial)l(’s  IIllwt  IN lwrid. ‘lo  sillll)lify tllc (liscllssiO1l,
TV(,  ll(,ll(,(~fortll  (.ollsi(l(~l  olily ulxlat(,s  to }L \vitll  x  lL(’1(1
fixc(l: t l~c 0! II(I cdsc lm(wds  as I)(f(m.

UIKliIt  w of }t c(mrmlmll(l  to all (vill~ t 11( v(rt  cx list,
aII(l  ar( doll(  \vitll  sillll)l(’  hld rwi)olis-lIastilL~s  stq)s  [2]
I)((alw  t 11( coll(lit iolldl  (list til](lt i(]lw lIccd(d  I)y t lw
CJiljl)s  sdIlllll(  ’1’ iil’(’  itlt  I’a(t al)l(,. Sllcll  a Stcl) ~)r’olms(w
a  ll(,iv  s t a t e  //’, coltl~)(lt(’s  p(l{, //’) : 7r(l/’, x)/7r(l/, x),
:111(1  l)rolml)ilist  ically :1(”(,(’l)ts  (J] 1( ’j(’(”ts 11’ liil”g(’ly  011
t h i s  lmsis;  this 1( ’s(llts  ill a hlil~ko~” tralwitio~l  k(vllcl
t)(f), (/(’) 0 1 1  tll( cO1tlI)(witc  v(rtcx-list  se t  V : LJ~VL.
1 f () is (l(wi~ll((l  l)ml)(’l”fy. it llilS  t 1](, jxwt (Iriol  7r  ilS its
Stiitio]liir’y  (Iistril)lrtioll, lkyoII(l  tlic ol)vi(~us  wstri(-
t iotls t I lilt Q lx ill)(’1’i(J(li(.  and ilrdtl(ildo  it is sllfli-
(i(’tlt  tllilt Q IImilltairls  ddfiilc(l  IIalallc(’: Ull(lcl’  7r,  tll(’
]tli]ss  lrl(~vitl~  (lirwtly  f{()~il A  f V  t o  11 (Y] IIalS  tll~t

]Iic)vitlp,  ill t Ilc ICY(, I s(> direct  io]l.
I:ir+t lv(’  (I(wrilw  il sot of  o l ) ( ’ r a t e r ’ s ”  Collll)l(’t(,

(, II(IIIKII  to (, IIs IIr(, itlcclll(.il)ility.  A ‘\rc,rt(,x  II LOVC’ ol)-
(,]ato]  Af (, II()()s(,s  a ~(~lt(~x ilt ~a]i(lol[l  iill(l  (Iisl)liiccs i t
]ii]l(l(]lllly.  A  ‘v(,rt(~x rais(,’ (~lwriitol  II’ raisw  (~r lo\v-
(,1’s  :1 v(~[’tcx a t  rall(lolll.  ‘1’[) :illou”  IIlov(~l[lcllt  1)(, t\v(TIl
111(}  colwtit(lcllt  Sl)il(’(S  of 1“, W’(, 11:11’(, ‘il(l(l’ ()]) C1’ilt()IS
AA, iiti(l  ((, ri(,sj)c)It(litl~  ‘kill’ o])(IiitoM  A~ , u’lticli  ~[to}’(
Il:l(li ilri(l  f’ol’t  II l) Ctw’(Kll  V~ ?Ill(l  VA 1 I .

~(’xt, IV(  (I(}fillo il tl’iirlsitioll  k(i[”ll~l  ~~ 011 t]l(’  l)ii-

s i s  o f  tll(w  o}mators;  this Iwl II(II is ii ‘liyl)ri(l  sarli-
1)1(,]’  (OIIIl)OS((l”  of (Ji](ll of t lIC t III((,  ]llo~(,-tyJ)~s  (Al,
It, A / A ’ ) .  Irl c;icll (IIKKII  ill tll( si[lllllatioll,  OIL( SIICII
lllo\’(’-t  yll(’  is (’110  S(,11  ilt I :111(10111. l’;llslll’illg,  (l(’t iiil~(l 1):11-
aIIcc Iv’it IIitl  (wc]] l[l(]v(~-t:vl,m  yickls  (let ail(xl  lmlarlce ill
t 11(’ sill)(’rl)(~sitioll.  ol)tillfllll~  (l(>t tiil(d Imlallcc  ill tyJK’S
fif :111(I  11’ is t Iivi:il ~)rovi(ld  t lL(I  (list r il)ut  io]l oft Im a(l-
(I it iv(’ (Iisl)la(’(,lliellt  is sylrllllct  Ii(”. (hlodlilat ad(lit  io~l
\vill  (Sli[lli[itlt(’  (1(1~(’  coll(litiolls.  ) olwr’at(lrx  ill iltl(l  1 1 ’

arc a(w])tc(l  w’itll  ~)rol)al)ility  l[lill(l,f~(ll,  //’)).
ol)tiiitlillf!,  (lot  iiil(,(l l)iililtl{’(’ of .4A , Al is 11101’(”  cortl-

l)I(x Im.alls(.  t II(I flmv  1x4  wvc;l  t \\r(~  (Iifi(,wllt  h;~lcli(lcall
S1):1((,s  Illllst I)(S (Yllliili  Z(’d, I’ollo\virl~”  I(w’llt lvork  of
1 ’ .  (;1 (’(’11 [1;], \V(’ fill(l  t 11(’ (’nil  Il(’C of :1( ’(”(’])t ill~  ?1 111o-
lxM(T(I  (I(l(t ioli  of (,” via  A[ Sllolll(l  1)(’ t }I(J l(,ss (,1’ [If
iltlily  ilrld

I’(s(l((t  Ak ) p((l)*)
( ) ( ) / , / / ’ )  x

I’(s(l((t  Aj, ) ‘ l / ( k - l  1)
( lo)



., .,.,.

‘1 s< ‘1

and IT tlic llult)lwr  of l)ix(,ls  ill  tri:ill~l(>  7’. ‘1’llc  llI(Jd-
ific(l  (.rit(’rioll sllldivides  tllc  illl:i~(’ dlirill~ all illit  iill
l)lI:wc of 1000 (ImclIs;  tll(vi  i t  i s  .gI a(llmlly  r(l)lau(l
lIy t II(’  filml  crit  criol) ill a S(,(’OIl(lill’~  st a~(’ t \vic(’  this
lc]Ig[l I. IIy tl)(’ (s1)(1 of tll(,  s(w)ll(l stag(,,  a satisfaclo~y
lmsi~l  of 7r(l/,  x )  has lwvl  folltld  aIL(l  tll(,  hlct ro~x)lis
iteration ])m(wds  as descrild  almv(,.

h’illilll~,  to Sl)(d tllc  sa]rll]lillg  ])lo(.css  tli(  ill(li(.:i-
t (~r 1 (0,s , P) al)ovc is q)la(wl  \vit 11 its (wl)(xt  at ion
1’(:/,, = P I y) .  T’llis is aJIaloKolw  to t II( lIS( (If c(jli(li-
t iollal  (wlmtatioll  ill  t l~c IC;lt al~olitlllil  (If A. owK,II  [~,]
alL(l  fill(ws t 1](’  sallIIJlcr t o (li Mxt ly a(wss  t IL(’  lltl(vl-
taillty  ill tll(, Ialwl, ilwt(wd  of wactitl~  to i t s  l)IOIW
I)ilist ic fltl(t Iiat  i(~lls  as Gil)l)s it mat ions I)I()(w(l.

.Sa IJIIJl  C r(slllt  .s f(w fit t illg  a rat lI(sr colIllIl(’x  ])lag(>
l)air al( slIOJYII ill  fi&III(,  4. F i t s  wittl  q , 2, 0 = ( ) . 4
u’cr(’ ol)t aill(d  frol[l a total of ;K) ()()() IVld  ro~)olis  lmo-
lxwils  takillp,  170  sccoII[ls  of  col[ll)utatioll”  tit[l(,  ()!I a

SIIII lJlt  Itis~)tiY(.  I{OLI~lIly 17[)  l)lo~)OSiIIS/S((”  tIt(  ]tiii(l(

l)J’  (xl)loitill~  tl](’ sigllifi(dllt  Cdll(’(’lliltioll  ill  tll(,  (lllo-
t  imlt  p(}i,  )/’): mIly  t llc cl IaIIf+d  t riallp,lcs  IINYI  lW 1(’-
collsidcm].  AS  d(~siw(l,  t II(J lll(~ltilwrsllilj  f(lti(,t  ion  lliis

SII1)])ICSS(Y]  t]l(’ Slll?i]]-S(”21]C fC’~\t (11<’S  :111(] id(’llt  ifi(d tll(’
t  \vo ]Imill  ol]jwts  alId  tllcir  ]11 illcil)al  olltlicrs,  ~’llc
]i@lt  -llall(l  l)lot  slIfnvs  Iliost  of t  llc ~wrial)ility  itl t  Ilc
f i t s  i s  :it tllr lK)ulI(lary,  mlwcially  TYIICW  a slIarl)  l)rc)-
j(ctioll  (Kx.(lrs.

Ackt~owleclgl~lellts
‘1’l(illlk to llric hljolsIICW  of .11 ‘I. for 11(’l])flll  Sllg-

p,(st iO1is  (III tl}c illla~(,  wl)r(wltt  at i(~lis  us(d  lmrc.  :ilid
to .lll(lit  l)al)  of tllc LJC!I, A Iklmrtltic[lt  of Astmllo~iiy
a]](] Ast ro~)llysi(”s  for li(,ll)  ili  Iilld(’lst  a~iditi~  t Ii(, sci(:li-
t ific c(jllt  (xt of t Ilis ~)ml)lctl~.  1 k’lall[lay t lialigulat  iolts
U’(’1’(’ C(lllillllt(’(1  Ivitll  tll(’ ‘1’riallgk~  l);i(’liil~(> alltllor(’(1  1)~
.1. 1{. Sll(w’(’llllck.
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